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RB cytotoxicity assay was performed for different extracts of Hamelia patens Jacq. family

Rubiaceae; crude flowers (CF), crude leaves (CL), chloroform (Chl.L) and methanol
(Me.L) fractions from leaves against liver (HepG-2) and breast (MCF-7) human carcinoma
cell lines. Results demonstrated potent cytotoxic action against HEPG-2 for CF, Chl.L and
Me.L with IC, =47, 30 and 44.4 png/mL, respectively. On the other hand, CF, CL, Chl.L and
Me.L had exerted powerful effect against MCF-7 with IC, = 23.8, 25.5, 17.7 and 64 pg/mL,
respectively. Chromatographic investigation of Me.L , resulted in the isolation and spectroscopic
identification of rutin (1), isoquercetin (2) and soyasaponin Bb (3), which was isolated for the
first time from the plant leaves and was identified by UPLC/ITMS/MS analysis. Comparative
study for using ordinary method versus green methods of extraction was also inspected.

Keywords: Natural products, Hamelia patens, cytotoxicity, Soyasaponin Bb, UPLC\ITMS.

Introduction

Hamelia patens Jacq. is an ornamental plant
belonging to family Rubiaceae. The most
common chemical constituents in the family
are monoterpene indole and oxindole alkaloids,
triterpenes and poly hydroxylated phenolic
compounds. The presence of these compounds in
the family plants is considered as chemotaxonomic
markers for these plants from different subfamilies
and tribes [1]. Several phytochemical compounds
were isolated and identified from the plant.
From the aerial parts; palmirine, rumberine,
hameline, pteropodine, isopteropodine, uncarine
F and speciophylline oxindole alkaloids [2, 3],
along with the monoterpenoid indole alkaloids
tetrahydroalstonine and aricine [3], stigmasterol
and B-sitosterol [4]. Some phenolic compounds
were detected by HPLC/ESI-MS analysis;
hydroxycinnamic acid, catechin, caffeoylquinic
acid, quercetin 3-O-rutinoside and kaempferol-
3-O-rutinoside [5]. Many biological activities
were reported for the plant; anti-bacterial
[6], anthelmintic [7] and antifungal activities
[8]. The current work aimed to explore the

phytoconstituents from the plant cultivated
in Egypt, isolating chemical compounds by
chromatographic techniques and identification
of these compounds by different analytical
spectroscopic methods. Investigating the potential
cytotoxic effect for crude extracts of flowers and
leaves as well as the non polar and polar successive
fractions of leaves was also carried out. Different
extraction methods were used to discover the
most dominant one that had given higher yield.

Experimental

Plant Material

Fresh aerial parts (leaves and flowers) of H.
patens Jacq. were collected from the garden of
National Research Centre, Dokki, Giza, Egypt and
were kindly identified by the agricultural engineer
Mrs. Trease Labib, consultant of plant taxonomy,
Ministry of Agriculture and the ex-director of Al-
Orman botanical Garden, Giza, Egypt and further
confirmed by Dr. Mohamed El-Gebaly, Senior
Botanist, National Research Centre, Egypt. The
plant was dried in shade, ground and a voucher
specimen was kept at Pharmacognosy department,
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Plant Extraction
1) Extraction by cold percolation (CP)

100 g. of dried powdered H. patens leaves
and flowers were, separately, soaked in stoppered
containers with solvent 70% Methanol and
allowed to stand at room temperature with
frequent agitation. After 30 min (for comparison
with other methods), the mixture was filtered.
The process was repeated for six times, each time
lasts for 3 days. The obtained samples were crude
extracts of leaves (CL) and flowers (CF).

2) Microwave assisted extraction (MAE)

100 g. of dried powdered leaves and flowers
were, separately, processed with 70% methanol
in a microwave oven for 30 min. Another 100
g. of dried powdered leaves were successively
extracted with chloroform then with methanol in
microwave oven at the same conditions to yield
leaves chloroform (Chl.L) and methanol fractions
(Me.L).

3) Ultrasound-assisted extraction (UAE)

100 g. of dried powdered leaves and flowers
were, separately, processed with 70% methanol in
ultrasound instrument for 30 min. Also, another
100 g of dried powdered leaves were successively
extracted with chloroform then with methanol at
the same conditions.

Each collected extract from each process was
filtered; the filtrates were dried at 40 °C under
pressure on rotary evaporator, weighed and kept
in vials.

Chromatographic and spectroscopic Manipulation
of compounds from Methanol Leaves Fraction
150 g. of the methanol fraction of H.
patens leaves (Me.L) were subjected to column
chromatography with Diaion HP-20 (SUPELCO,
Bellefonte, PA, USA) and ecluted with gradient
elution of decreasing polarity starting with
100% water and ending with 100% methanol.
Fraction eluted with 50% MeOH was purified
by preparative paper chromatography PPC
(Whatman3MM) using butanol: acetic acid:
water (BAW; 4:1:5, upper layer) as eluent [9] to
yield 2 major bands, each of them was further
purified by Sephadex LH-20 CC (Fluka Chemie
AG, Switzerland) eluted with H,O, resulted
in isolation of two compounds (1) and (2). The
identification of these compounds was performed
by UV spectrophotometer, 'HNMR spectroscopic
analysis. On the other hand, the fraction eluted
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by 100% MeOH was purified by silica gel
column (Silica gel 60 for CC; Merck, Darmstadt,
Germany) by gradient proportions of CHCI:
MeOH. Compound (3) was isolated from fraction
eluted with 90% CHCI,: MeOH and was analyzed
by UPLC\MS\MS

In Vitro Cytotoxicity Study

SRB Cell survival assay: Potential
cytotoxicity of all extracts, against liver (HepG-
2) and breast (MCF-7) human tumor cell lines,
was tested using SulphoRhodamine-B (SRB)
method [10] in the National Cancer Institute
(NCI), Cairo, Egypt. Statistical analysis: Results
are expressed as mean + S.E. The data was
statistically analyzed using the Student’s “t” test
[11]. Doxorubicin (Pharmacia, Belgium) and
Cisplatin (GlaxoSmithKlein, Egypt) cytotoxic
drugs were used as references drugs.

Apparatus

UV-Visible spectrophotometer: UV-VIS
double beam UVD-3500 spectrophotometer,
Labomed, Inc.

Nuclear magnetic resonance (NMR)
spectrometer: Bruker high performance digital
FT-NMR spectrometer Avance III 400MHz,
Bruker Biospin, Rheinstetten, Germany.

UltraPerformanceLiguid Chromatography
coupled with Ion Trap electrospray ionization
mass spectrometer (UPLC/ ITMS), Ion Trap
MS: MS" mass spectra were obtained from a
UPLCQ Deca XP MAX system (ThermoElectron,
San Jose, USA) equipped with ESI source (electro
spray voltage 4.0 kV, sheath gas: nitrogen;
capillary temperature: 275 °C) in negative and
positive ionization mode. Chromatographic
separations were performed by applying two
elution binary gradients at a flow rate of
150 pL min": (1) 0 to 1 min, isocratic 95%
A (water/formic acid, 99.9/0.1 [v/v]), 5% B
(acetonitrile/formic acid, 99.9/0.1 [v/v]); | to
16 min, linear from 5 to 95% B; 16 to 18 min,
isocratic 95% B; 18 to 20 min, isocratic 5%
B. The second binary eluent (2) was composed
of ammonium acetate 50 mM buffer adjusted
to pH 5 (A) and 100% acetonitrile (B) using
the same elution gradient as above. The injection
volume was 3.1 pL (full loop injection). Internal
mass calibration of each analysis was performed
by infusion of 20 pL 10 mM lithium formate in
isopropanol/water, 1/1 (v/v), at a gradient time of
18 min using a diverter valve [12]
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Microwave oven (CEM-MARS Microwave)
A micro wave power system with user selectable
power settings (0-1200 watts), open vessel for
plant extraction) at 800 w with medium stirring.

Ultrasound instrument (Ultrasonic Processor
UP 400 S) amplitude %: 60, cycles: 0.8.

Results

Investigation of Chemical Compounds in
Methanol Leaves Fraction

Compound (1): yellow powder (15 mg),
appeared as a dark purple spot on PC under
UV light changed to yellow upon exposure to
ammonia vapor and AICI, spraying. Rf= 0.44
and 0.5 on PC in solvent systems BAW (4:1:5)
and acetic acid (15%) respectively, suggesting
flavonoid glycoside. UV data: MeOH; 259, 268,
360, NaOMe; 272, 411, NaOAc; 273, 325, 388;
NaAc\ H,BO,; 263, 302, 380, AICI3; 275, 304,
428; AICI3\ HCI; 270, 304, 359, 402 indicated a
flavonol type with free 7-OH, 3-OH substituted
and free O-dihydroxyl groups at ring-B[9].
"HNMR data/DMSO revealed signals for protons
at 5°, 2’ and 6’ characteristic for quercetin.
Besides; 2 anomeric protons resonate at 8 5.2 and
4.3 ppm (d, J= 7.9 and 1.7 Hz) for glucose and
rhamnose moieties, respectively. Glucose exists
in B-form as indicated from its large J- value
but rhamnose exists in a-form as indicated from
the small J-value. The upfield chemical shift of
rhamnose anomeric protons proves that the sugar
linkage with glucose is 1—6 (rutinoside sugar),
table (1). So, compound 1 was identified as
Quercetin-3-O-rutinoside (Rutin). The structure
was further confirmed after co-chromatography
against authentic rutin. Complete acid hydrolysis
for the glycoside was carried out according to the
method of Harborne, 1973 [13] yielded glucose
and rhamnose in the aqueous phase, identified
by spotting against authentic sugars on PC
(Whatmann 1 MM) with BAW (4:1:5) as eluent,
using aniline phthalate spraying reagent [14] and
quercetin in the ether phase confirmed by spotting
against authentic on PC (Whatmann 1 MM) with
BAW (4:1:5) and 50% acetic acid, Fig (1).

Compound (2): yellow powder (10 mg),
Rf= 0.6 and 0.32 on PC. in solvent systems
BAW (4:1:5) and acetic acid (15%) respectively.
Chromatographic and spectroscopic data were
similar to those of compound (1) except for the
sugar moieties where '"HNMR data showed only
glucose; table (1). Compound (2) was identified
as Quercetin-3-O-p-D-glucoside (Isoquercetin),

Fig (1).

Compound 3: white powder (5 mg), Rf=0.49
onsilica gel TLC insolvent systems CHCI,: MeOH
(9:1). It appeared on TLC as a violet spot only
after spraying with vanillin /sulfuric acid reagent
which indicates a triterpenoidal compound. It was
subjected to high resolution UPLC/ ITMS/ MS
analysis, operated in both positive and negative
ion modes. MS data and fragmentation pattern
was compared to those in the literature and public
databases such as ChemSpider, PubChem. The
total ion chromatograms (TIC) of compound 3 are
shown in Fig. (2-6).

The identification of compound 3 was based
on determining the molecular ion from the full
MS spectrum in both negative and positive modes,
its chemical formula suggested by the program;
Thermo X-Calibur, with calculation error less
than 10 ppm and comparing them by authorized
programs as ChemSpider and PubChem in
attempting to get the possible structure. Then the
identification was continued by determining the
tandem MS fragments from MS? fragmentation
spectrum and reviewing the literature for proper
identification. Positive and Negative ion ESI-
MS modes were analyzed in order to accurately
investigate the compounds as possible.

[M-HT Ion at m/z 941.5047 with a molecular
ion formula C,,H_O . (error: -3.760 ppm). MS?
fragmentation in ESI-MS-MS negative mode
produced fragments at m/z 795 [M-H-Rham],
m/z 633 [M-H-Rham-hexose]-and m/z 457 [M-H-
Rham-hexose-glucuronic acid]- which indicated
the presence of 3 sugar moieties attached to each
other at one position'®. The corresponding peaks
of sequential sugars losses in the +ve ion mode
were also detected at m/z 797.4677 [M-H-Rham]-,
m/z 6354162 [M-H-Rham-hexose]and m/z
459.3835 [M-H-Rham-hexose-glucuronic acid]

The compound also showed loss of H,O
molecules. All fragmentation peaks in both —ve
and +ve ion modes are illustrated in Table (2).

The molecular ion m/z [M-H] 457.3672
was deduced to be the aglycone, recorded
the molecular ion formula (C,H,O,; error:
-0.372) indicating a triterpenoid compound. Its
corresponding peak in ESI-MS? fragmentation
spectrum in positive mode after sugars cleavage
had appeared the aglycone peak at m/z [M+H]"
459.3835, followed by peaks at m/z 441.3726
[aglycone -18], m/z 423.3619 [441.3726-18] and
m/z 405.3517 [423.3618-18] which indicated the
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consecutive losses of H,O molecules. These data
were in full matching with previous literature[16],
revealing that the aglycone part most probably is
soyasapogenol Bb. So the whole compound could
be identified as the triterpenoid oligosaccharide
(triterpenoid glycosides) saponin of the oleanane
type; Soyasaponin Bb; 22,24-dihydroxyolean-
12-en-3-yl-rhamnopyranosyl-(1->2)-beta-D-
galactopyranosyl-(1->2)-beta glucouronic acid.
The structure is shown in Fig. (1). The suggested
cleavage pattern of compound 3 may be as
provided in Fig. (7).

It’s belonging to the diverse bioactive group
of soyasaponins primarily found in legumes,
especially Soy bean [17]. Soyasaponins in group
B are known as monodesmosidic saponins; which
means that the aglycone of this group possesses
only one site of glycosylation which is C-3 for
soyasapogenol B [15].

Several  extraction  techniques  were
investigated in order to increase the productivity,
decrease excess solvents hazards, and improve
the yield and the quality of the extracted products.
The percentage yields of all samples were listed

@

HO

H

(3)

OH

Fig. 1. Structure of the isolated compounds; (1) Rutin (2) Isoquercetin (3) Soyasaponin Bb.
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TABLE 1. '"HNMR data for compound (1) and (2).

o 1H (ppm) (J in Hz)

Compound (2)
Proton No. Compou.nd M Isoquercetin
Rutin

6 6.14 (S, 2H) 6.2 (S, 1H)

8 6.33 (S, 2H) 6.4 (S, 1H)

5’ 6.81, 6.83 (d, 1H, J=8.5) 6.8 (d, 1H, J=9)

2’ 7.52 (1H, 8.5) 7.58 (1H, q,J=2.5, 8.5)

6 7.63-7.65 (1H, d, J=8.5) 7.7 (1H, d, J=2.5)

I 5.3(d,J=7.4, 1H) 5.4 (d,J=6.6, 1H)

o

3

R

5T 3.1-3.7 32-38

o

1 4.4 (d, 1H)

P

3

AR

3.1-3.7
TSttt
CH, 0.99-1.01 (3H, d, J=6.5)

TABLE 2. UPLC-ESI-MS-MS fragmentation ions of compound 3 in both negative and positive ion modes.

Negative ion mode (m/z)

Positive ion mode (m/z)

Prominent
MS
fragments

Molecular ion formula

Prominent MS
fragments

Molecular ion formula

941 [M-HJ

C, H,, O, (Error: -3.760 ppm)

943 [M+H]*

C H,y O, (Error: 0.742 ppm)

923

C48 H75 017 [M'H'Hzo]

925

Cax H75 017 (M'H'Hzo)

795

C,, Hg, O, (M-H-rhm)

797 (100%)

C,, H, O,, (M+H-rhm)

(100%) 733

C, H, O, (879-thm)

633

C,  Hg, ., (795-hexose)

635

C,, H,, O,(M+H-rhm-hexose)

615

C,, H,, O, (923-rhm-hexose)

617

C,, H, O, (925-rhm-hexose)

457

C,, H,, O, (error: -0.372) (M-H-
rhm- hexose -glucuronic acid)

459

C,, H,, O, (M+H-rhm- hexose
-glucuronic acid)
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Chemical Formula: CqH O
Exact Mass: 176.0321

OH

Chemical Formula: C¢H,(O5"
Exact Mass: 162.0528
HO

29 30

Chemical Formula: C;,H, 405"
OH Exact Mass: 457.3682

OH

Chemical Formula: C(H,,0,°
Exact Mass: 147.0657

Fig. 7. The possible fragmentation pattern of compound 3, Soyasaponin Bb.

in table (3).

Table (3) showed that the highest percentage
yield of the CL resulted from that extracted by
MAE-30 min followed by CP-30 min., while
UAE-30 min was the least method yielded an
extract. After 6 times of CP, it gave the yield of
25.6% crude leaf extract, barely reached the same
level of MAE yield after 30 min.

Also, the highest percentage yield of the CF
resulted from that extracted by MAE-30 min
followed by UAE-30 min., while CP-30 min was
the least method yielded an extract. CP after 6
times of extraction gave the yield of 38% CF that

even couldn’t reach the same level of MAE yield
after 30 min. For the successive fractions, no
observable differences between MAE and UAE
in Chl.L or Me.L fractions, noting that chloroform
extraction gave lower yield from MAE than UAE.
This is a reasonable result as MAE is considered
a selective method that prefers polar solvents
with high dielectric constant[18§].

The previous comparative experiment revealed
that CP is no longer an effective procedure for
extraction as it’s largely time consuming, in
addition to the very high solvent amounts that
are needed to elevate the extraction yield. These

TABLE 3. % yield of CL and CF extracts of H. patens from different methods of extraction.

% yield from different methods of extraction

Extract CpP CP MAE UAE
(After 30 m.) (After 6 times.) (After 30 m.) (After 30 m.)
CL 13 % 25.6% 29.26 % 10.4 %
CF 12.2 % 38% 43% 13.67 %
ChlLL ND ND 2.17% 3.5 %
Me.L ND ND 6 % 6.5 %

CP: Cold Percolation.

MAE: Microwave Assisted Extraction.
UAE: Ultrasonic Assisted Extraction.
ND: not detected

Egypt. J. Chem. 62, No. 9 (2019)



CHEMICAL CHARACTERIZATION OF CONSTITUENTS ISOLATED ... 1693

large volumes of organic solvents need proper
management of the chemical wastes. This is a
major problem as compared to UAE and MAE,
which is known as the “Green methods” [19].
Moreover, it’s largely time consuming.

The advantages of MAE technique are
that it reduces extraction time and solvent
volume as compared to the other conventional
methods (maceration or Soxhlet extraction).
Also, improved recoveries of components and
reproducibility were observed. But it should be
used with caution of using proper conditions to
avoid thermal degradation [20]. UAE procedure
is considered a simple and relatively cheap
technology that can be used for phytochemical
extraction in both small and large scales. Its
benefits are mainly in reducing the extraction time
and solvent consumption.

In vitro cytotoxic study

Investigating the potential antiproliferative
effect of the plant extracts against cancerous
cell lines revealed that all extracts have shown
potent efficiency in inhibiting the growth

of cancerous cell lines in a dose dependent
manner. The action was higher against MCF-
7 than HepG-2 for CF, CL and Chl.L, while
Me.L was more active against HepG-2. CL
showed no activity against HepG-2 at the tested
concentrations. IC, values for all samples as
well as the reference drugs are listed in table
(4), Fig. (8-11).

It is worthy to state that; The American
National Cancer Institute guidelines (NCI, USA)
has put the criteria for the antiproliferation activity
for any crude extract; the potent cytototoxic
extract is the one with IC, less than 30 pg/mL
after 24 h exposure time with cells[21].

The overall results support that H. patens leaves
and flowers have great potential to be efficient
agents in treating breast and liver cancer.

Discussion

Our chemical investigation for leaves and
flowers of H. patens Jacq had been indicated
the presence of numerous chemical groups; high

TABLE 4. IC, of different samples against HEPG-2 and MCF7.

IC,, (ng/mL)
Tested cancerous
cell lines CF CL ChlLL Doxorubicin Cisplatin
HEPG-2 47 >100 30 5.87 9.83
MCF7 23.8 25.5 17.7 3.8 0.6
120
—+— HepG-21C50=47
100 {pg/mL.)
—8— MCF-7 1C50=23.8

_ 80 - frgfmt.)

1]

2

>

e \\\

(%]

@

= 40 pa—— —t

-3
20
O T T T T T 1
0 20 40 B0 80 100 120

Conc. pg/mLof CF

Fig. 8. Cytotoxic activity of CF against HEPG-2 and MCF-7cell lines.
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amount of carbohydrates, glycosides, flavonoids,
phenolics, sterols, triterpenes, alkaloids and
moderate amount of saponins. In this study,
continuous  chromatographic  analysis  was
performed in order to isolate chemical compounds.
That resulted in the isolation and identification of
2 flavonoid glycosides; rutin and isoquercetin in
addition to a triterpene glycoside; soyasaponin
Bb. The later was isolated from the plant for the
first time. Examining the cytotoxic activity of H.
patens leaves and flowers with SRB assay had
shown promising effect against liver and breast
cancer cells. This may be attributed to the presence
of high amounts of polyphenolic compounds.
Rutin, the abundant flavonol present in various
plants demonstrated anticancer effects against
different cell lines. It acted on reducing tumor
size of HL-60 Leukemic cells[22]. It also arrested
the cell cycle and induced apoptosis of colorectal
cancer [23]. It also has a cytotoxic effect against
HTC hepatic carcinoma cells [24]. Generally,
quercetin and its derivatives are known to be
efficient cytotoxic agents [25]. Maiyo et al (2016),
[26] had tested the cytotoxicity of quercetin-3-O-
glucoside against liver hepatocellular carcinoma
(HepG-2) and colon carcinoma (Caco-2) and they
had found that it exerted potent in vitro cytotoxic
and apoptotic effect on the cancerous cell lines.
On the other hand, Soyasaponin B found to
possess anti-cancer properties by modulating the
cell cycle and inducing apoptosis. Also, a mixture
of sayasaponin fraction gave cytotoxic effect on
Hela cells via apoposis [27].

Conclusion

At the end of our work it could be concluded
that the chemical constituents isolated from
natural sources could be efficient treating agents
for various ailments. More studies should be
continued on that plant to explore more bioactive
agents.
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